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FOREWORD

Under Project 16.1-5 the development of vsrious
types of reflex sights has been csrrled out at the
University of Rochester, for ¢ variety of epplicetions.
Uzse has been made of high efficlency pertislly re-
flecting coetings on the dividing plstecs of some models,
perticulsrly when sky illumination of the reticle has
been omployed.

Under Project NO-103 e radar reflex sight, known
es the "Flight §ight" wes developod to provide the
pilot of & night fighter eirplane with a single
collimated displey which includes, in eddition to the
usual gunsight reticle, e gyrohotizon, an airspeed
meter and o radar scroan. 7Tests of 2 prototype model
in an F40-2 aircruft at Putuxent River In 1944 gzhowed
that the device would probably be extremely usoful if
the roadar display could be increcsed in brightness.
Investigation rcveoled considerable vibration of the
dividing plate which presumubly was responsible for
reducing tiie spprrent brightness of the radar display.
The mounting ef the dividing platc was stiffened in
August, 1945, but timo did not permit testing of the
revised uodei. It seems likely that the radar display
will be bripkt ciough for usc in moonlight, but it amay
be necessary to provide shock mounting for the Flight
&lght end radar tube.

The followl:.: 1s an extrac*: from a letter written
by Dr. J. W. Evais of the University of FRochesic: on
June 28, 1945, duscriblng sheke table tosts of tio |
Flight Bight:

"The cight + 3 teste? by aounting it =3 rigiily
zs prosalhls on ur sheoke table (lesimmel 2n’ used
for mato-oseill: ti.o hiboewlors). & moall point
syurce vas sst in ths foorl rlene of the ohjsetivo
in the position nore.lly veou, led by the sercew of
the oscillisess tubs. nith the shake t:bla rumning
the ;uint scures wus vieweld by (7)) r: 'leetion frun
the reflox  Jate (8 1t woul! n.rasll be vicwed by
the alr, L 4lotj and (B} By L.oale  vortieally
doem lot: the objeetive 8o thut lighl wms tramsmitte?
through (L 1aflex jlate. Then the 1. sor mirror wus
reasved, the polot scource wrg.m oin dused in tha
foerl pl-wc nl the ~bove sbser ‘1.1 wors rs,e1tcl.




.

e ot A

*Tha cbserw.tloms wers very Zoflnits in
indicrting thut the vibration of the r-flex plote
1la tho asuree of tha trcubls, aklls thu vibr.tion
of thuy lower alrror rppecrs to havs o megllglblo
sffect, Thls meuns tbut LI the vlibrutlon uf the
shuks tubly la cvaparuble to thut of an air.lune
tite deflnition of the ,wejected laage v11l be wuatly
Llaproved by mounting the roficx plste aore rlglily.
Thers wlll remsin, bowaver, tho linwer vibration cof
thz 2ight rith respact to the tube (slght mountad
80111y on trume of alrplans, vhile tha tube 18 pneck
asnted), Yluce tho isuge o the tubs la uerfectly
clour to the uneided ¢ye thls linuur Jiffersnce vlll
be simply the linsar vibratioe of the frany of the
plsnc at the point shen ths sight iz meounted. Dr.
Freuch thinks it probable that 4hls wilil oot exceed
+F or T ma, in raplitude, wlthoush only a test with
ths slsht acunta? 1n o plunc esn dueldes this [olnt
definltely. Such & limenr blur vould be tolurable."

g.ctlon 16,1, WDAC has recomavnded thot the Fllght
Sight oc transfarred by OSAD to the Sureau of Ordnence.

Theodore Dunhiim, Jr.,
Chler’, Sectlocn LE.1, WDKC
Optical Instruments

22-241 Radiaclon coborntory
dassachusetts Institute

of Technologv
Cambrldge 32, Uasizchusetts
June 19, 1545
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\ SUMMARY

¥ The development of seveoral forms of gunaighte of the so—calll reflax

type hae been Tequestod of the Institute of Optice and carrisd through under
Contract CEMsy-160, Four main types have besn developed, two for airboree

use primarily in fighter alreraft, and two fer aprlicatien te the smnllor
oalibre mnti-airveraft ;me. The first airborne sight te be eomploted under
this preject was required te provide an exit pupil aperture of morTo thnm 3 inet

dismpter, te bo mich more compnet than the Mavy Mark B sight, te give much
sspller sphorical aberrntion than this sight, te previde brighter reticls il-

lumination, sad to be simplor and chenper te manufacture. All the require=
ments were met by a reflsx sight in which the optionl path botween gratiels |
and lens 18 foldol twice by mesns of plonme mirrers, togother with n special

11luminating systom ef unusual of ficiency. This sight wns adopted by the

mp—y-

1
K ' Alr Ferce with modificstione in mechnical dooign te facilitato preduction

and precured under tho doecignation of tho =9, Boocause of the peouliar felde

.

ing of tho opticel patb inte tho form ef a figure 4 it i sometimes referred |
te ra tho figure 4 sight,

Tho socond alrborne sizht to be comploted was doveloped te meot speo=

e

ifications of tho Uavy Bureaz of Crdamnce and ¥avy Burenu of Asronmutics for
3 a singlo epticnl deviee which would include illuminated graticle, image of
radar onthodo ray tube sercem, and imnge of two flipght instruments, gyro

k, horiscn, mnd nir speed metor, nll appearing in tho field of view of a pilot,

:'L.ir

. leekirng ahead through the regudar reflex gunfight dingonal refleeting plate.
This bighly spoeinl dovelopment was required in eertain plane for night epera-
tion of the FUU2 single seator carrior based Navy fightor plane, Only ene
sample ef thim aight wes bullt sinee chonge in the Armed Sérvice plens

eliminatod tho requiremcnt fer this device, F J
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The first antl-aircraft reflex sight complsted under the project wns
known as ths T-67 and was developed for a U0 mlllimetsr gun. Vary speeirl ro—
uirements were imposed on this development including provision for both
olectric and daylight 1llumination of the graticls, Two oights were required
per un to previde for two man tracking, with somewhat different tochnienl .
reguirements for the sltituvle snd neimuth units, The daylisht 1llualnation
requirensnt was mnds difficult by the necessary loontlon of the reflex sights
upon the gun, Samplos wers completed meeting all requirements and prssed the
tests of the miti-airoraft bonrd vory successfully, 4 special verslon of the
sight previded for ralium phosphor 1lluminntion of varinble intonsity to take
the plnoo of elcelrio illuxination under night rnd twilight conditions, In
this form no elcotric pover supply wns required, thoro telng a vory satls-
faotory overlep roiwoen tho deplight illurinnted and radius illuminated grat-
iole peruitiing cnoration through tuuld-..t eonditione, Omly slight modifice-
tiens in mechruiopl dosigne were reculred to meed Ordnnnce and anti-alreoraft
production requiremcnte, and very substantial orders wero placed for tho sights
in four modificotions Jmown as B-21, ¥-22, M=23, and 42U,

The socond form of mmti-alrerrft sight wos firat developed for use
on the 50 calibie mnti-nlreraft gun in ring mount carried by cortaln & x 6
and half-track trucke, This sight wae roquired to be vory cotpaot and rug-
god, to operate ontlroly with deylight $1lumination of the grnticde, and to
be mountid on a p.rallologran-like mechanisn to keop the sight eome 17 inches
above the gun berrel to eliminuto disturbance of visioo causod by musslo
blnst. 4 model of this sight was tested at Fort Enmox agalnst alrplene towed

: HISTRICTED
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targets with vory good success, Shortly thersafter a request was mnds for
n similar roflex sight to be mounted on the Maxson anti-alrveraft turret, It
was found that & slight modificatlon of the optical and mechanloal structure
of the 50 ealibre gunsight would moot the Maxscn turvet requiroments, A
samplo was mubnitted for test by the Antiedireraft Poard with very satlsfao-
tory performance which resulted in Army Ordnance contracts for procuremont
of very substantial nunbers of this sight,

Dotalls of deslgn and performance characteristics of the above types
of reflox sights arc diecussed in thies report,
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DEVELOPMENT O 3PECIAL REFLEX GUW SIGHTD

1. Iatroductlon.

Fiflo . have long beon equipped with open cights conolsting of a groove
or eperture et the breach and e point or bend at the wuzzle. The ball end
ring sight, wlth ¢ point et one end centered in a ring et tho other allows
mors heed freedom but requires ¢lose eligmment of the gumner's eye and has
the further disedventage of not allowing eimultaneous focus of the sight ond
the target,

The earilest knomm use of telescopic sights wus during the Revolutiom,
when 8 sirple eystem was used by the Americens. BMore developed sights of
this type are now in extensive use, with power vurying frou unit megnifiectlion
up to 12. They give excallant image quality, with the ruticle end target
imnges in the same plene thus requiring no chenge in focus while elming, but
they have e linited field, ere compliceted in construction, tnd have a fixed,
mrrow eyepoint.

A reflax, or reflector, plght hns many sdvastages over the telescopic
type; it ellows great fresdom of head &£nd eye movemont, has & very largs
fleld, end ie simple to conetruct. Ite primary purpose le to indicate the*
point of aim of » gun or eot of guna by projecting the imsge of an illuminanted
retlcle eceurately in the direction of fire; itz seocondary purpose is to give
somg meane of quickly cetimating the deflectiona for turgete moving acress
the lino of fire. The eimple reflex sight in iteeif gives no megnificatice.
The principel elements of such & pight arc shown in Figure 1. Aa observer at
E sees the lmage of the reticle R sppareetly st infinity through the trens-
parent plate D. As the eye ie moved over en ares equal to that of the lons C,
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the direction «f e alming ppot remaing fized, sllowing considerable freedom
in the position of the hoad. Because the reticle is independently illumincted

by a eource ot A, it cen saeily be soen under oonditione of poor external
vipibility.

TARBET - -

> bE

Figure 1
Simpla reflex eight

Verlations in this deelgn can be made; the sight can be "folded"™ to make it
more compect, the method of rotiole illumination chenged, and the reletive
ampunts of reflection end tranmmiseion of tha reflex plete can be ;onu-uned
so ee to give meximum vieibility et all timee.

Several speclal types of reflex sights for the armed eervices have beon
designed at the Institute of Optics under Section 16.1 of the OSRD (Contrect
OElMsr-160), et the requsst of the Navy Bureau of Ordnance, the Army Air Force
Matsriel Board, and the Anti-Alrereft Artillery Divieion,

IZ. Mgue 4 Sighte. Polded Beflex.

In tho sarly sumer of 1842, the Institute of Optice was informed of the
shorteomings of the havy Mark @ reflex eight, which had been tentatively
acceptad by the Navy and the Army Air Force for uss with sircraft guns.

-
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The Mark B had the adventage of belng extromely compact, occupylng a minimum
of valuse end obecpring =e little as poasible of the instrument pesnal of tho
plane; 1t used a short focus, £/0.85 lane of 5-1/2 inch apartm‘. Objections
to this eight were that the projection lens was not eufficlently well corrected
for aphericel and chromatic aberration, the reticle illumination wee so weak
that the projected imago wae not vielblo agsinst the eky 1n the nelghborhoed
of the ewn, end oo uneven that the brightnese of the projocted image verled
considerably ne the observer's eye moved acroee the lone. It wze zleo
difficult to produce in quantity bocsuse both material end workmanship were
eritical. 9

Ths Institute of Optice wae eecked to design e eight that would incorporeate
the compactneee of tha Mark 8, but would not have the disadventagoe mentlonod
ebovs. To nni;! the largs sberrations and cost of the 1/0.85 system, it san
decided that e eimple two-element lona of reletively long foeal length be used,
end the optical path from reticls to lene *folded® by plana mirrors to obtain
compactness. An improved electrlecl method of jlluminating the reticle wae
used, and 8 system of daylight illumination added.

. Dua to the fact that the Army and Navy deelred different size reticlee
special inetruments had to be designed for each service. These are called
figure 4 eighte, beccuse of the sheps of the light psth.

A. Type S-1 (Army 4-9)

A wingls ring of 70 mil dlcmoter end n center dot woe tha reticle
pattcrn desired by the Army; the tolerznee of reticle deviction sith movement
of the heud wae given se 1 mil per inch, {The Merk B reticle moved B mils per
inch of head movement.) Therefors, & two-olement lens of sperture retio /2.5
whinh can scoommodzte this reticle sise wis designed for the projection lene.
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Figure 2 shows the opticel design of this S-1 sight, full size; plane mirrores,
¥; ond My, fold the optical path between reticle and lens twics, forming o
figure 4. These mirrors are made by aluminizing selected plote glrae with no
edditionnl eptical working; lens elements are made of spectacls glreses which
are produced in lerge quantities; the procursmont sf lurgoe mmbere eof such o
sight 1s, therefore, relatively onsy.

Hectriczl illuminetion of the reticls is shown in Figure 5, giving o
very btrilliant imnge which can ba seen almost up to the limb of the sun. This
15 occomplished with n 3-8 candla power lusp as comparsd with 21 c.p. in the
Mrxk 0, and thus develops sousiderably less hect with lass donger of Iurning
out the reticle, light from tha f{lament P ie reflected by the simple
epharical mirror N, which can be arrunged to soncoatrete the light in 2 ring
in the plane of the retisls R wshich also conttins the center of curvature sf
the mirror. The central spot is 1lluminated by o megetive lens L which
groduces & brillient virtual imege of the filument in the plone of the reticls
ot C,

One troublesome feature of the folded type of aight 1s ths tendency for
confusing rdlections to 2ppear in tho projected image. This has been
effyctively eliminated by placing a diaphragm D {see Figure §) several milii-
meters outside the reticls, cutting off moet of the light sutsids the desired
cone. For the somperatively simpls Army reticls, it was moet convenlent to
moke the reticle ond light shield in ens unit as showm; the epening which
forms the ring is ot the bottom of e V-shaped groove with threaded sides which
act as o series of slossly spaced diaphragms., The central spot has a single
dinphregm cutaide its illuminating system. Even with this shielding, two
mall ares of the ring where still visible by reflectics in the last surfece
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:. “no lens, but were sliminated by inesrting two thin vanes ¥, shown in

£ ve 2, vhich apperr odge on to the observer and cannot be detocted in
ordlaery uss, The reticlo ring R, is covered by a plecs of gloes G with ths
upper surfoes ground to diffuse the light.

With the three cendls power filament, tho projectod imnge 1s severcl
tioes os bright ns thet of the Merk 8, and the 1llumination appears quite
*rjfora cver the vhole aparture of the lens.

A1 olternstive methed of 1llumination which utilizss the light of the
g%y hes nlgo looa eprlied euccea=fully. A general thsorem of photometry sicte
thet ac optiesl devics can increzee tho apprrent surface brightnass of an
exterded crea over thot whieh would ba cbaerved by the unnided oys. Therefore,
if reticlo 1inon ere to boe 1lluzinoted Ly the sky, they nunnot be made to
cppeer brightor than the gky 1tsclf, zud unleps the linoa nro noea sgeinst a
sky of reduced brightnces thoy will hove no ccatrzet and thus will be
invieible.

In tals case 1t it necesasary to substitute for the clear gloss reflsx
plate one thich Los bocn ro treated that its tronsmission and reflecticon are
oach npwuimtély_ #0 per cont. Buch rletos heve beon developed nt the
Instituto of Optics for this purpose, Altornate loyers of high and low index
metorirls, thr.t. heve no sppreciablo absorption for visible light, cre coated
en ¢~ plasa pleto, Thon the roflectioa 1s built up in this wey, true BO-5O
plates ean be made, vhile if a "half-gilvered® nirror is used about 20 per cent
of tho light 13 lost by absorption in tho motel, Thoy accomplisch 't.hq’f.louhlo
purpose of reducing the brightnors of ths sky bockground to omo-half while the
brightness of tho reticlo, illumin~ted by full aky brckground (intensity I)
through a ground glnss 1s at full intensity., Figures 4o and 4b show the

*
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4,

o Tfayence in intonsity contrast with 2 clear glase and & 50-50 plate.

8% 0%

> 92% 50%
a8x+92% | sow +350%
| 82/:00 56/:00 !
I |
| . t
]
i {a) clea rFinw (b) £0-50 plnte

Sontrrel -l to roflex” plats coating
Finoee 4
Doylight 11luminzticn has severnl cdvanteges, It is, of course, zore
rellotio tlan elentricsl 11luelation which 1a subject to pover fallurs.
Murcover, tha brightraen of the reticle impo is sutometicelly od Justed to o
consteat comtrest with the iy rgaingt which it 13 secn. In this case the i
reticle ring 1s readil; visible owon when the sight ip rolnted directly at
i tho gun, a mitter ol iuportance, sicee en enesy plonha frequently attompts to
| epprocch in the peth of the nun.
At n!:;ht., both tho electriecl illuminction and uneccted gless refla: plete
rus%t be replaced; proviszion iz wede for ensy cinnging ef the iiluminrtion
aatom,

{ Tac opticsl partd of tho type 5-1 wore placed in o wooden mockup (Fig. B)
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¢} hwought to Captain Ryen, AAF Matoriel Center st Wright Field, on August 15,
1942, and the optical deasign left with him. He sxpreesed great satisfaction
with the elsctrical illumination, but wme somewhat skepticel about tha doy-
light system. It wes egreed thet the productlion mechanlcal deeign would be
left up to the ncnufacturer if the sight were produced for use. This has now
rema into production in substantinl quantitles ca the AAF, N-9 asight.

Do SR,

T Javy 8-2 sight ie eimiler to the 8-1, but deeigned fer the larger and
wey Trpidnatel Bavy tetiels, “hich requires two concentric circles of 100 ond
A L Qe e eod 6 =wdiv] Dones, sterting 25 mils from the cortor and
eihenlang 45 150 T2p. 1o urea en £/3,0 leas, which can accommodnte 2 reticle
) mile rqorca Fals 1p pullictent 10 the rediel linee nre placed on the
tingeails of fucer utn.

For Allweletiin of “he 9 petisls, the gyetem wsed in the type S-1 could
acs e wemlozel, breaiwa 4t 4id poy Lluninete the radisl lince sufficiently
€17, Tz ke IUva'zaltor of {ba -2 trpoc conslpts slwmply of & lrmp in en
erajotira Wit nloul7 rafactly w lle; the contrel spot is illuminnted by &
regedive et ur beizc, Another method of flluminating the reticle more
urlfe~dy was worged wut in July 1842, using a system of semi-cylindrical
Jemacs on the Sek o tam re'icle plate but thia did not go into production.
faglizht 11lemination ia aa effective in the 8-2 cp in the 8-1 aigit.

Scvezel enmploe of 4hio ingtrumont vero ordored from the preston

L.verctotien in Jomuery, 1945, by the Mevy Burcau of Ordnence,
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3. Type 8-8.

A third type of eircraft reflex sight was designed at the Institute of
Optlcs differing from the other two In thet it uses a 2o0lid p:astlc optlcal
system. This mokes it lesa bulky then the 8-2, for n solid optical system hoe
tha cdvantege thot the foczl length in lln times ns long o8 an elr eystem cnd
tho npperent diameter of the projected reticle pattern iz n times aa lsrge
{vhore p 13 the indox of refraction of the pluatic). Thua the 100 mil ring
in tho Kovy reticle pattern would require an octusl ring of only 67 ailas.

Figure 6 shows tho full scale design of the typa 8-5. 4 single lems of
spectacle crown glass L 1s used with n prism P of methyl methaerylate whilch
has one lens surfece and c curved retlcle surfoce. The dimensiono of the
systen ers comparable with 8-1. The 1lluminotion is identisl with the 8-2
sight.

Semrles of the 3.3 type wore made for the Navy BuOrd Yy Presten
Eehorntordes, Butler, Pa,, at the scme time ea the S-1. Thess have not been
inapectod ot tho Institute of Optics, but the Novy reports thr t thoy wore
unsctisfactory beceuso it was imposaiblo te obtaln large blocks of plastic of
sufficioatly grod optical quality.

11, Radar Reflex Bight (Flisht Sichs).

At the request of Lt. Commendor Taylor, USN, a conforence wes held ~t the
Radiction Lruboratory, Messachusetts Institute of Technology, in June, 1942, to
discuns the dosign of on opticel sight te be used in conjunction with Rader in
Nevy single mt..cr night fightor plenes. Representotives of ths Newal Bureou
of Ordnance, the Indizetl.on Loborotory and the Institute of Optics attended,

Tho purpose of this alght, called the®flight sight®, wes to permit the

RESTRICTED




RESTRICTED .




-G~
. RESTRICTED

pilot of & singls peater plane to search visually and with redar for enomy
plones, cnd et the sams time to have bofere him instrument indications which
could be peen without alterction of oye occommodation rnd with » minimum of
domoge to dark adaptation. It wes declded thot tha pilet should be abls to
see imagee projacted et infinity sgeinst the sky of i

1. A reticls for siming the guna.

2. The fzeo of ths rader oscilloscops screen.

5. Tha indilcation from e gyrohorison.

4. The indication from ~n cirspsed metor,

5. A bright reticla for use in dcy fighting.
With thess imagas visiblo in the reflex plrte, the pllot intercepta rnd
attacks nn enemy without necd to refer to sny other instrumenta. The MHuvy
requested th-t the pight be dsaigned specizlly for an F4U-2 plone, vhich would
not be rosdy for inspaction until Sentember, but thnt the first scaple be
sdnpted for use in a JRB zirplane. S8ize should be hold to e tinimum, end the
sight should be sulteble- for both night snd d~y use. Duplicate instruments to
those alresdy on the ingtrument pensl could be waed if necoseery,

_After en inspectlon of tho F4U-2, e speeific deolen and wooden mockup of

the nip;t pight were made, In Novamber, these were discusced with officars
at the Hevel Adr Stetion, Quonsst Peint, R,I,, and alight chrnges made, It

e ngreed that thas sight should be built so ce to fit over ths redar
oscilloscope in the instrument panel, with provision a2llowed for viewing the
rader sereen directly as woll as with ths reflex plate. An auxilisry gyro
horison end airspeed indicctor could bo incluled in the instrument.

a$ A drowing of the assembled slght placed over the radar scope is shown ia
Figure 7; Figure B glves an isemetric view of the methed of projacting the
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vorious imrges, with the field pattern showm in the upper left-hand corner.
Light from the vodar screen is reflected by the mirror My through the semi-
trensporent plete Mp and projection lens to the reflex plate and thence to the
eye. 'Ths gyrchorizon light passes through tho semi-trensparent plate Mg and
is reflected at Mpj tho airspeed indiceter light is reflected firat ot Mg and
then ot Myp.

In frent of the airspeed indicater e night reticle is placed with o circle
in the center of 26 mils dismeter which serves as an aiming spot and tho zero
of coorlinates for the radar pip. FTour fixel gredu-tions et the cardinal
points act os referencs points for the tips. of tho liorlzon bter G of the gyro

horizon end the hand A of the cirspeed indicator, seon ot the edge of the
field; the two indicctors rotote concentriely with the aiming ring. The radar i
screen covere the circular area shown on the fleld view. For A~y use, the '
semi-roflector My 1o rotsted by ninety degrees so thot it reflects the image |
of an 11luminated reticle of the conventional Navy pattern. Figure 9 shows
photogrerhs of the completed flight sight.
The conctruction of the instrument wms completed in the lest weck of
March and the sight teken te Quonset Point ch April £, 1845, No further
report was mnde te tha Inatitute of Optlca until Awgust, 1944, vhen two
representatives were ls'lzid to attend o flight test et Petuxent River Newel Alr
Strticn, In a Navy wepert dated the 21lst of Auguet, 1944, the ropults of this
end succeeding tests in & JRB plane ors given. Firet tests were made using a
plain ginss reflex plate, but this did not give sufficient intensity of the
rader indicetor; o sacond ::enex plate of 5O per cant rcflection was apparently
satisfactery. Thas totel vweight added to the airplane by the uso of the flight
sight wes approximetely 12 pounds, whick the Nevy desired te reducs. Radar
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mapping cppearing in the eight was sctisfactory for both range ond azimuth, but
elevation could not ba determined because the two dote used for thie purpose
blurred into one budly focuseed epot due to vibretion of the instrument., Teats
2t tha Institute of Optice showed the mounting of the reflsx plate to be et
feult, end that & staple brace would remedy the condition. The airspeed
indicrtor anl gyrohorizon ware considered very helpful to the pilot.

IV. Reflex Sipht for i~3 Gun,

In July, 194%, the Instituto of Optics was nsked to design two reflex
aighta te repleco the unit power telescopic sights in tho M=7 lecd computer
on tho 40 sm Bofors enti-circreft gun. The speelal requiremcnts were =a
follown:

a) Dovirtion of the reticle imege loss than 1 zil, es the eye moves
from tho center to the edge of the ficld, ]

b} in eye cirele {uron in which complete reticlo image can be seen)
et lcast 36 mm in dinpeter.

¢} A reticlo pattern conaieting of = aingle line 100 mils long, seen
horizontel in the clevation aight znd verticsil in the asimuth sight.

d) The momeat of inertie nb;ut the point of support, 20 centimeters
below ths line of sight, held to ¢ minimum to decrosse the daflection of tho
aight due to r?eoil of gun.

o) Dimensions and fitting sultable for sounting the sight un the
existing -7 lead eoqutar..

Three 40 mm cporture eights with a foerl length of 120 mm, model 5407, ser.
01,02 and OF were designod and bullt at the Institute of Optics. Theso were

1dentical in the mnin body of tho aight, but differed in ths method of illumimae

|
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tiod. The principal fsatures sre shown in Figure 10, shere the main body of
tha sight 1s included on the laft ond the illuminntion sysztem ofscr. 03 is
shown on tho right of the dotted line D-D.

The principel source of illumination in nll three aights le tho eky In
the irmedints noighborhood of the terget. Light from this portion.of the sky
is trought to the reticle plete, G, around vorious perto of the load computing
mechanim by n carefully designed lens end priem system. The construction of
the ¥~7 lead computer ie euch that the nzimith eight is mounted directly behind
& box, B, containing the lecd setting mechanism, with the line of aight baroly
clearing the top of tho box, Tho altitude sight was similarly obstructed, but
to n leeser degroo. Bky illuninstora, therefore, vhich must utilize light from
a horizontel strip of szky conteining the t.nr_gct {in order to ansure conatant :
contrast) had to bo designed so thet the light ontered through o prism P
located just below the lower odge of the reflex plate.

A3 in the previously deecribed sighte, both surfaces of the reflex
plate R are coated with n partislly reflucting film, in order to reise the
contre st betzeen the sky illumineted line and tho sky itself ns eeen through
the pirta. This simple mothod of illumination givee & very conspicuous line
which mnintains its contraet cgainst the brightsst sky and can bo seen right
up to the limb of the sun Af the cbserver can et:nd the eye strcin, It has
the furthsr merit of being unaffected by any failuree in an electricel
eircuit, which, on n hand opercted gun with no bullt-in electricsl aystem, is
o.t' considerabla import-noce.

Figure 11 shows the opticel systems for the altitude and ceimuth eighte;
they diffor only in ths crecting priam (2) of the czimuth sight vhich gives o
verticel imnge of the herlzontel strip of aky from vhich the light comes,

[}
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In order to f111 the objective len? without resorting to lerge and cumbersome
prisme, two crosced cylindriccl lenses were used. Theee were ground directly
on the foces of prismo 1 and 3. The function of the cylindricel surfecoe is
epparent in Figure 12, wbich showe the optical eystem straightenad out by
omitting the plane reflecting surfece, The two drawinge repreoent the zystem
in planos parnllel cnd perpendicular to the reticle nlit.

In sddition to the sky illumination, the three eights are equipped with
ouxiliary illuminntion for use at night. In eights Ol and 02 the auxilisry
system 18 electrical and 1s made sufficlently bright for day use. Change over
from daylight to electrical i1llumination ls accompliszhed in series Ol
{azimuth elght) by eliding priem 5 (Figure 11) out of the beon, permitting
light frem the lemp filament to recch the slit vis the cylindrical mirror.

In series 02 {elovation eight) the chenge over 1e cccomplighed by eimply
screwing the illuminator in place; sky illuninntien ie cbtained by exposing
the roticle to the open eky. TWhen this sight wus firet tried on the gum, it
vas found thut tho sky was particlly obstructed end for this reaeon a prisa
system ie used in serdes 08 (elevation sight).

A pa:ot.romo for sky over slsctrical illumination for day use wre
expreesed by the AAA boord upon cxaminction of eeries Ol and 02, mnd, thero-
fore, enother night system 1s used in series 03, thet of n much fajinter radium
sxcited fluorescent 1llumination. The flucrescent matericl (U.5. Redium Corp.
#255¢) le cocted over tha cylindrical surfcce C (Figure 10) and covered with a
wodge of plaatie hinder voarying from sero tn 0,008 inch, This cylindrical
surfeco can be rotated ebout its axis by means of an sxtermal knob so th-t it
enn be turned sntirely out of the opticcl system, for day illumination, or uny
part of the coated surface brought into position behind the reticls slit for
nlght use, The trightness of ths fluorescence varies with tho thickness of the
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plastic covering which ebsorbe part of.the cnergy of the rudium a perticles
which produce the fluoreocconco. Thio provides o satisfoctory merns of ndjust-
ing the reticle 'bﬂghtneus over o rangs of cbout 100 to 1.

The source, mads by the United Stutos Fedium Corporstion, consists of
rndium rolled in pold foll of sbout 3 microns thicinese cnd supported on a
¢llver backing 125 microne thick, with the concemtration of rediwm 0.20 mg/en®,
Thiz high rudiunm concentrztion, necsessry to obtoin the dozired brightnecos in
the fluercoecent surfese, vould deatroy the rhosphor in a fow weeks I it wers
permenently oxpooed to the elpha perticle bonbordment. Therefors, the redium
impregneted foll 1o mounted in o nerrow strip on ooch slde of the reticle slit
and bomborda only the phosphor directly bohind the slit; when not in ure the
phosphor is swung awcy.

Photogrephe of the three models tro shown in Figurs 15. By Februsry, 1944
cll threo oighta were delivored to Lt. Colonel Noomith, ef tiic AAL Beard,

Cenmp Devis, N.C., for tecting, Thege sighto cre new in suhst:.ntir.?. roduction
bty two menufocturers, snd cre known op the M-21, E-20, M-P3 and M-24,
rocpectively,

V. Beflex Sighto for 40 Celibur Mochine Gun ond Maxson Gun Tgret.

At the rogueot of M-jor F. 8. Brackett, Armored Medicol Resozrch
Lzborntory, Fot Knox, Ky., & reflex sight woe developed for = 50 caliber
machine gun, to be mounted on both 6 x 6 und half-trock trucks. While this
sight wos buing developed, enothor requcst come from Comp Duvis (Lt. Col.
Neenith), for n sight to dotermine the afm of the 50 czliber gune in & Maxson
eati-clireroft turrot, to replaoce their type M-8. This neecded the same opticel
system but ¢ slightly lerger reticle thon tho michine gun aight.

The original sight deoigned for Ft. Xnox used rn opticcl mystem with an

\mc'rm



=15~

RESTRICTED
£/2 lens of 50 mm sparture and & curved reticls of 51.8 mm radius, 4 pattern
of concentric rings was traced on ths reticls, with tha largest of radiuas
210 ails. The displacement of a point in the center of the field was less
then half & mil as the eye moved over the complste sporture, and less then
one mil for points on the 210 nil ring. There was no perceptible. lateral
color even in the largest ring. Daylight 1llumination ‘@ uped with provision’
made twhmummnwmmmqumtornghtm.

Itnlduiﬂdtohnnthompointfmdmmuloﬂutth-c.tporator
would not be required to rise and srouch dspending on the direetion of the gun.
Aleo, the line of sight should be from 14 tc 18 inchas above the line of fire
I.nordcr.tol.llolauhth‘wtho smoke of tho muzsle blast. A difffculty
arose due to ths changing distance between the cyepoint and the handles of the
gun a8 the barrel wap nieodnndlowa_red, muking 1t hard for the operctor to
keep his head in ths cyepoint position and ct the same time koep a firm grip
on tho handlss, 4 compromise was schisved between a fixed syepoint and a
fixed Aistancs between syepoint and hondlss by mounting the sight on a woodan
perallelogram which changed its angles with the movemant of the gun (by
pressure on the head rest) and allowed comparatively esay sighting. The mount
waz such that boresighting could be maintained to within 5 mils during the
firing of the machins gun.

This sight mes completed in February, 1944, and demonstrated with ths
wooden parsllelogrsm in firing tests at Fort Knox. Ths accuracy of alm wep
mch better with the sight than without 1t and ths basic problem was
considered solved. The same sight without the wooden mount was shown to the
group at Canxp Davie on ths Mexson turret, also in Februcry, with favorable
resulte. Itmmmmttm-mmmm" B e,y iR
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(sec supplement) was being constructed for the Fort Knox sight, the aperture
of the leng system could be increased to 60 mm’to incorporate a 260 mil radius
ring dosired at Camp Davis; this would slaoc cllow o longer oyo relief for the
machine gun uzo, and would require no chnnga in the leno system excopt in
dizmater.

The finzl instrument wno completed in July, 1944, Figure 14 showo the
opticol design, and Figuro 15 photogrupha of tho aight and parallclopr-m. A
new mounting tekss cerc of lateral os well ep longitudinal vibeetions during
firing, the prrallelogram being mounted on tho gun through & spring eteol
cantilover, The Ft. Enox group also mrde o mount t¢ thelr own dosirn. At
Camp Davio the new gight waa :_-eeoived with enthusiaom, and it 1s nox in
substantinl production.
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SPPLEENT
DESCRIPTION OF
PANTOGRAPH SIGHT MOUNT FOR THE 50 C/LIBER FLEKIBLE MACHINE GUN

At the time this mount wms concelved, 5O eal. AA mechine gun fire control
consisted seaentinlly of individusl trocer cbservetion, The use of the
stenderd aighte proviled on the 50 cal. g ung vas impoasible becsuse of the
sacke cloud and hest eddies formed during the firing of even ¢ short burst.
Since tracer cbservaticn is an inefficisnt method of fire control for AL work
ageinst strefing airereft, somo mathod of mounting o small reflex zight
epproximately 20" above the line of fire wg deemed worthy of trinl,

The construction decided upon consisted of » por:llelegren made up of ,
tee peirs of armg helding o rectengular plotform about 17" over the pun
barrel ond attached to the gun berrel and receiver., Theso rrms were mcunted
in lew-friction bearinge at all e¢lzht pointe of attachment, thus allowing the
perallelogran to zlter its shopo ce ths gun wan clevated or depressed. A
gccond sacll parcllelogrem perved ag 2 link betwecn thia mrin alght mount
end the swivel guan mount for the purpese of mofintoining the sight ina
reletively fixed position in spece. Th8g "control 1ink"™ perzllelogrea differed
from 2 trus parelleslogram in two rospects; first, omo orm conalsted of o leaf
spring to lend resiliency to the mownt, £nd second, encther srm wis mde of
sdfustatlo length to cllow adjustment of the moutrel position end trevel of
the main wnit, Figure 1€ shows n design drewing of the perellelogrem.

The sight mounted on this clevnted mount wne of the daylight-illuminated
reflex type having v wide sperture permitting lend rings of 500 mph to bo seen,
A headrest wes rrovided on the mount for inersaped gunner comfort., Filgures
17-20 compare the easa of viewing with the percllelogram mounting and with a
fixed mounting.
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The folleving dimrrems ere acridisnei rey rio'n fer the !axaon reflex
eirht. Along the erdinats is plettcd the helrht thet + rry strikes the
O dagree perexisl rey ia3cce surfree) this ricne S0 8,12 em from the baok
surfroe o2 the isna, Alenr the rboelaer in nlotted tia rtnela the ray

mrkes mith tha =xin, Tha followinz dieprea L1llurtretes the notntion used,

REPRESENTATIVE PARAX 1AL
OBLIGUE Ray H I / IMAGE PLANE
¥

u.uz—f—'

It snauld be nstod thet tie eblinue seridicnel roy plets eee »leping,
indizeting thet the field ia inzerd survi-p te-crd t¥c lenc, x; i1 the
horizental dietrnoe frca the ;rrexisl intre rlens te tire elesa arpittal
ray imoss, The retlols surfioe vea -urved *s “nous tne =a-ridicnedl rroye,
The fiml preck shece the rooulés o® teating w ni~it. Tiis plot slces
tha svrrall szforasnes of the luoirumert withk the reticle Togucsed in

the o tiaua ;caitien,




REITHICTED
RTRICTp

T
m I
H Loga ety 1 Has 20
EEE m S T B T m
O L e L R RS
e e e
§ ES] B B
1 s RS
4 13 3
i 1 3
i
LT
Soplae Botg) W wn b e 0B ¢ M
ahmpa “he ') i T DS aINEE P TR
-




+

J

I|+ — HI.{[.:I

1

/.40

i

-
a2 41= Y

“. = Pmorsonst crpns areed

ot ]

......

i ! Vin td dt

B8 0 2 S S L B e, ARG SRV
m. f > +Lw ﬁ (H s et o 4 -+ 4 HE] :F..,..ia.-*!.-.cn_
SekeL it IS H il ﬂ.ul.

e

RESTRICTD

- :..ir‘..-
! :
e &

T
?
SR

.o ST 4

e
‘
s

| Bt Blo

:
;
et T B il g

t
S

o 'a."gm

e

1

. e
.IHSI.:- i + S spet el e ]
L=yl Mgl H it = I 1
o + i ATy i
it“ll it B hﬂ.l = l|“.|i. m B T e e
SO0 S M (L . | L 8 X 3
,.l 1.'1 o&”.r.../ﬂ‘fk * —+ L.l.t.m.. 1Mh. .. 3 - m n.,
et e TN R ] Erail R el ol u : -
el i ! = | TRE Tigs
BEEEREEECEEEEEnE

e

- -

S Lol |

"W
LATE Pl A M

s WERRT W TRLSN

REsTRy o







: o
T I T <& [ R R GO R R IR AR Fise i f: BRES
Ab..r_._w.._ nq.; I e R : b M ;
. fritpflice] 5]
b I

L Uees

¥
xS GJI{? :

T
b3

2]

Ao
g
i
L

\

e ki

i
et
1
i
t
-
| ] i
e \ R T,
-«--K-—,

|| Ay Startt

e .
u.vm_.‘
«.&M!..iﬂ |...T R R i j h RH.\ : !
nr..o - Mll 1 e T 1 - 1+ t . 3 M '
ot o A B i
15 1 5 T 15 0 B
b i " ; - [IH [ it 153 1 —r—- LelE . 2 .5..1.“.
L 1 G R 0 D O o .L.;+.”. i o m
1] ey (6 B 8500 M 1akd L1 N (P e sl |55 1 AT A T L
A Lt e |55 i = | . ik A 01 ! e e R LRt
s Y L T @
i _.1.4 i ,Tl_._ el R i 1311 ot ..wf-
D A S ] T A
) R e O TR G I A o ﬂ.w.‘m..n.l; i -4 il
i ml. § n! i 5 b 3 . g
5 B i \M.m ; ” i ..
fred i L.I SRR ey o et e f_.....”“..l-ll..ltu
: e g (i m. Syl 1 M et {1 [
paplC Cadt










" S 1t 34 (8 KM T =mTmE Tl
bivision, Ordnance and Armament (22) 1 OaIG. Al IRUMADED

" Rocheeter Univ, |stchow, Fire Gontral (d)
CROSS EFERENCES: Sights, Raflex (86700 15); Gun sights,| ©.5.R.D. 5032

Radar (47420.5) i o e
urHoats) @)\/ & [ Gl

|
)
ﬁ. iﬁl& Development of special reflex aighte z

IORGINATING AGENCY: 0.5.R.D., N.D.A.C., . 18, WaahingtJn D, ¢,
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i. COUN| LANGUAGE RGHJ.:M U DATE PAGES fl.lUS. ) FEATURES
! UV.5. Bng. etr. p'45 photoe, tables,drage
i
Detsils of deeign and performance chuecteﬂatice of four reflex type gunsights are
described, The M-8 airborme sight has a 5—1/2—1:1011 exit pupll eperture and a folded opti-
, cal path, A radar reflex eight, which was developed, lncludes {lluminated gra image

| of radar cathods ray tube ecreen, image of gyrchorizon, and an alr-speed indicstor, all
l of which are viewed throud: the elight., Too antiairoraft type mlghte are alsc described.,
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